Grain dynamics in zero gravity by Werner, B. T. & Haff, P. K.
GRAIN DYNAMICS I N  ZERO GRAVITY 
B. T. Werner and P. K.  Haff , Divis ion  of  Phys ic s ,  Mathematics, and Astronomy, 
C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, CA 91125 
The dynamics of  g r a n u l a r  m a t e r i a l s  has  proved d i f f i c u l t  t o  model, p r i -  
m a r i l y  because of t he  compl ica t ions  a r i s i n g  from i n e l a s t i c  l o s s e s  , f r i c t i o n ,  
packing,  and t h e  e f f e c t  of  many g r a i n s  being i n  c o n t a c t  s imultaneously.  One 
i n t e r e  t ' n  l i m i t  f o r  which i t  has r e c e n t l y  been poss ib l e  t o  c o n s t r u c t  a 
theor:" ss t h a t  where the  g ra in -g ra in  i n t e r a c t i o n s  a r e  dominated by b i n a r y  
c o l l i s i o n s .  The k i n e t i c  model o f  g r a n u l a r  systems i s  s i m i l a r  t o  t h e  k i n e t i c  
t h e o r y  of  g a s e s ,  except  t h a t  c o l l i s i o n a l  energy l o s s e s  a r e  always p r e s e n t  i n  
t he  former and m u s t  be t r e a t e d  e x p l i c i t l y .  Few g r a n u l a r  m a t e r i a l s  on E a r t h  a r e  
d e s c r i b a b l e  by t h i s  l i m i t i n g  model, s i n c e  g r a v i t y  t ends  t o  c o l l a p s e  t h e  g r a i n s  
i n t o  a high-densi ty  s t a t e  where Coulombic f r i c t i o n  e f f e c t s  a r e  dominant. 
The planned Space S t a t i o n  o f f e r s  an unusual oppor tun i ty  t o  test the  
k i n e t i c  g r a i n  model and t o  exp lo re  i t s  p r e d i c t i o n s .  
be ab le  t o  i n v e s t i g a t e  t h e  regime o f  low i n t e r p a r t i c l e  v e l o c i t i e s ,  where an 
e l a s t i c  d e s c r i p t i o n  o f  t h e  c o l l i s i o n  i s  s t i l l  v a l i d .  This w i l l  a l low 
f o r  d i r e c t  i n t e r p r e t a t i o n  by dynamical computer s imula t ions  a s  w e l l  a s  by 
k i n e t i c  t heo ry .  
g r a i n s  t o  c l u s t e r  together away from a source  of energy. For i n s t a n c e ,  i f  one 
w a l l  of a box p a r t i a l l y  f i l l e d  w i t h  g r a i n s  i n  the  absence of  g r a v i t y  i s  v i -  
b r a t e d ,  t h e  d e n s i t y  of  g r a i n s  c l o s e  t o  t h i s  w a l l  w i l l  become smal l ,  whi le  near  
t h e  oppos i t e  ( c o l d )  wal l  t he  g r a i n  d e n s i t y  approaches i t s  maximum va lue  (see 
Figure  l a ) .  Correspondingly,  a s  i l l u s t r a t e d  i n  Figure l b ,  k i n e t i c  g r a i n  
models p r e d i c t  t h a t  g r a i n  " thermal"  v e l o c i t i e s  become ve ry  smal l  a t  a charac- 
t e r i s t i c  d i s t a n c e  from the " h o t "  wa l l .  Computer s imula t ions  o f  t h i s  s i t u a t i o n  
a l s o  p r e d i c t  t h a t  t he  par t ic le  v e l  c i t i e s  should f a l l  and t h a t  they  should 
c l u s t e r  away from t h e  " h o t "  w a l l .  
would examine t h e  dynamics of  s p h e r i c a l  g r a i n s  i n s i d e  a c l e a r  box. Data would 
be ob ta ined  p r i m a r i l y  from a f i lm  of t h e  experiment  and analyzed us ing  tech- 
n iques  w e  are p r e s e n t l y  developing.  R e s u l t s  would be compared wi th  t h e  pre- 
d i c t i o n s  of t h e  k i n e t i c  t h e o r y  and computer s imula t ions .  I n  a d d i t i o n ,  t h e  
e f f ec t  of g r a i n  r o t a t i o n s  would be s t u d i e d .  
' g r a n u l a r  dynamics. We would l i k e  t o  use t h i s  experimental  appa ra tus  t o  in- 
v e s t i g a t e  some of  t h e  parameters needed f o r  such a model. I n  p a r t i c u l a r ,  w e  
could  s tudy  t h e  c l u s t e r i n g  e f f e c t  f o r  r e a l i s t i c  m a t e r i a l s ,  a s  w e l l  as t h e  
d e t a i l s  of  i n d i v i d u a l  two-body c o l l i s i o n s .  
Without g r a v i t y ,  w e  w i l l  
One e f f e c t  p red ic t ed  by t h e  k i n e t i c  t heo ry  i s  t h e  tendency f o r  i n e l a s t i c  
8 
We propose a b a s i c  experiment  t o  be performed on t h e  Space S t a t i o n  which 
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FIGURE CAPTIONS 
Fig.  1. One w a l l  of a box p a r t i ' a l l y  f i l l e d  with i n e l a s t i c  g r a i n s  i s  hea ted  
( t h e  l e f t  w a l l  i n  t h e  f i g u r e ) .  A k i n e t i c  t heo ry  of  g r a i n  dynamics i s  
used t o  c a l c u l a t e  t h e  d imens ionless  d e n s i t y  ( a )  and t h e  d imens ionless  
thermal  v e l o c i t y  ( b )  a s  a f u n c t i o n  of p o s i t i o n  i n  t h e  box f o r  seven 
sets of parameters .  Note t h a t  for run ( g ) ,  t h e  f a r  wall i s  cool  bu t  
no t  c o l d .  
Run I f r e e  space i n  box thermal  c o n d u c t i v i t y  c o e f f i c i e n t  of 
c o e f f i c i e n t  r e s t i t u t i o n  
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